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Section 3
Physical constraints to soil formation

Assessment of nitrogen nutrition status of grasses under water deficit and recovery
V.G. Dugo, J-L. Durand and F. Gastal
Ecophysiologie des Plantes Fourragères, INRA, 86 600 Lusignan, France, Email: jldurand@lusignan.inra.fr
Keywords: tall fescue, Italian ryegrass, nitrogen, water potential
Introduction Grasslands are rarely irrigated. They are therefore systematically submitted to more or less severe
water deficits: as well as mineral deficiencies, water scarcity often also results in a reduction of nitrogen (N)
status. Although identified some time ago, qualitatively, the interaction with N still remains difficult to take into
account in quantitative analyses of crop physiology under water deficits. This paper illustrates how the nitrogen
(N) status of the crop changes under water deficits. A N nutrition index (INN) was defined as the ratio of the
actual N concentration of forage with the theoretical N concentration under optimal conditions, the latter only
depending on the above ground biomass. The objective of the paper is to describe the effect of water deficits on
INN, using a new assay recently proposed by Faruggia et al. ( 2004).
Materials and methods Two grass species (Lolium multiflorum (Lm) and Festuca arundinacea (Fa)) were
grown in swards and either sheltered from rainfall or fully irrigated to match potential evapotranspiration, and at
two levels of N fertiliser. Soil humidity (neutron probe), soil N (organic and mineral) content, pre-dawn leaf
water potential (ΨD) were measured during one summer re-growth in 2003 in Lusignan, France, 46.43 ° N,
0.12° W. Nitrogen concentration of upper leaves (Nsup) was measured as an assessment of INN according to the
procedure described in Farrugia et al. (2004). Dry herbage and root mass extracted from 25 cm long x 8 cm
diameter soil cores sampled to 4 cm depth intervals were measured at beginning and end of the study period.
Results Following a dry spring and in spite of an initial irrigation on 18 June, both species exhibited a rapid
decline in ΨD from -0.2 MPa down to -1.4 MPa on 28 June. A full recovery in water status was observed in both
species at both N fertiliser levels after water had been given on all plots on 30 June. On all occasions, Fa
appeared to capture mineral N much more slowly than Lm both under dry conditions after cutting and during
recovery (Figure 1). The growth rate of Lm was much lower than that of Fa, partly explaining the differences in
the ability to maintain a high INN at low ΨD. The root mass distribution was shallower in Lm than in Fa and this
is also likely contributing to the easier recovery of N from soil in the former species. The INN results were
consistent with mineral N and water distribution in soil.
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Figure 1 Time course of nitrogen nutrition index during drought and recovery in high N treatments; closed
circles = irrigated and open circles = dry treatments
Conclusions The experiment showed that the new assessment tecnique of INN can be used to follow the short
term impact of the sward’s water status on plant N status. However, root characteristics for water and N uptake
might be different and further studies are required to fully ascribe the different capacities for maintaining high
INN at low water status for each species.
References
Farruggia A, F. Gastal & D. Scholefield (2004). Assessment of the nitrogen status of grassland. Grass and
Forage Science, 59, 113-120.

Optimisation of nutrient cycling and soil quality for sustainable grasslands

97

